(Barcelona, Spain). The Mycosep TM 227 columns were purchased from Romer Labs, Inc., USA.
Samples
A total of 148 packaged samples of commercial breakfast cereals were randomly collected during 8 months (February-September, 2009 ) from supermarkets and retail outlets located in the province of Valencia (Spain). A wide range of brands were covered to ensure that the survey was representative of the products available to Spanish consumers. For each commercial sample, at least 0.50 kg (0.50-0.75 kg, 2-3 commercial packages, respectively) was collected and finely ground at particle size about 1 mm, using an
Osterizer mill (Oster Co., USA) for 3 min. Each commercial ground sample was thoroughly mixed before taking subsample for analysis and then kept at -20 ºC until analysis.
Samples included the following major ingredients, alone or mixed: corn, wheat and rice.
The samples were categorised as corn (n = 62), wheat (n = 27), rice (n = 13) and multigrain-based (n = 46). Corn, rice and wheat were typically listed as ingredients in multigrain-based samples. Of the 46 multigrain samples, twelve contained also oats. In general, a total of 88 samples contained additional ingredients such as chocolate, honey, vanilla and sugar.
Extraction and clean-up
The analytical method used for trichothecenes was a modification of the method presented
by Eskola et al. (2001) and Castillo et al. (2008) . A 25 g sample of finely ground cereal was homogenised with 100 mL of acetonitrile:water (84:16 v/v) for 3 min, using an UltraTurrax T 25 (Jankle & Kunkel IKA-Labortechnik, Staufen, Germany) at 1,832.6 rad/s. The extracted sample was then filtered through a filter paper (Whatman grade 2V) from Whatman (Maidstone, UK). The filtrate was defatted with n-hexane (2 x 20 mL). A total of 8 mL defatted extract was purified by MycoSep 227 column, following the instructions of the manufacturer. Four to five millilitres of purified extract were collected, the procedure was repeated with 8 mL of acetonitrile:water (84:16 v/v) in order to increase the recovery of the more polar compounds (Jestoi et al., 2004) . Both fractions were combined and evaporated to dryness under a gentle stream of nitrogen at 50 ºC.
Derivatisation
The derivatisation procedure is a modification of previously used in our laboratory (Castillo et al., 2008) . A 50 µL volume of the derivatisation reagent (Tri-Sil TBT) was placed into a vial containing the dry residue. The mixture was allowed to react for 30 min at 80 ºC. After cooling, the derivatised sample was diluted to 175 µL with hexane and mixed thoroughly. The hexane was then washed with 1 mL of phosphate buffer (0.1 M, pH 7.2) and, finally, 75 µL of previously derivatised internal standard (NEO) (final concentration 3 µg/mL) was added and shaking. After separation of two layers, the upper hexane layer (250 µL) with the trimethylsilyl derivatives was transferred to an autosampler vial for GC-MS.
GC-MS analysis of trichothecenes
Separation and quantification of five trichothecenes were performed using a GC-MS with electron impact ionisation. The GC was an Agilent model 6890N equipped with a Agilent 7683 B autosampler injector and coupled to a Agilent 5975 quadrupole mass selective detector. Separation was achieved on the HP-5 capillary column (30 m x 0.25 mm I.D., 0.25 µm film thickness) from Agilent Technologies (Waldbrom, Germany).
The temperature of injection port was 270 ºC and the mode of injection was splitless. The carrier gas was helium at 1.8 mL/min flow rat and injection volume was of 2 µL in splitless mode. The initial GC oven temperature was 80 ºC, held for 1 min. It was increased from 80-240 ºC at a rate of 30 ºC/min. At a 240 ºC, the heating rate was changed to 5 ºC/min. Final temperature was 280 ºC. The mass spectrometer worked at electron impact mode at 70 eV. Interface, ion source and quadrupole temperatures were 300, 230 and 150 ºC, respectively. Mass scan range covered from 35-500 m/z. All spectra were monitored with a total ion current (TIC) and selected ion monitoring (SIM) modes. In the SIM mode, the spectrum of each mycotoxin was analyzed at least one specific molecular ion selected for the target. The retention time and the monitored fragment ions are given in Table 1 .
Signals were processed by Chemstation software (Agilent).
A total ion chromatogram of a silylated standard solution of trichothecenes is presented in Figure 1 .
Quality control of procedure
Validation experiments established the performance characteristics of the method. The following parameters were investigated: linearity, limits of detection and quantification, recovery and repeatability. Linearity was established by injecting increasing concentrations of the mixed standard solutions (0.1, 0.5, 1.0, 2.0, 3.0 and 5 µg/mL). Standard curves were generated by linear regression of ion abundance of each toxin versus concentration. The detection and quantification limits for all trichothecenes were calculated at a signal-tonoise ratio of 3:1 and of 6:1, respectively. Recovery studies were carried out by spiking in triplicate mycotoxin-free samples at two levels of each mycotoxin (50 and 500 µg/kg), according to the method described previously (Castillo et al., 2008) .
Statistical analyses
The statistical analyses were performed with STATGRAPHICS PLUS software (Statistical 
Results and discussion
The method described has allowed for the simultaneous detection and quantification of five trichothecenes in a short time (Figure 1 ) in the 148 breakfast cereal samples collected in the province of Valencia (Spain).
Analytical quality control
Mycotoxins were calibrated by an internal calibration procedure. Calibration curves were linear over the range studied, showing correlation coefficients of > 0.99. The estimated limits of detection and quantification were between 8.90 and 14.7 µg/kg, and between 15.2 and 23.6 µg/kg, respectively (Table 2) . These results are in agreement with those reported in the literature (Castillo et al., 2008; Edwards, 2009; González-Osnaya et al., 2011) .
The recoveries and relative standard deviation (RSDr) of mycotoxins in the different matrices at two different spiking levels are summarised in Table 3 . Recovery rates at the lower spiking level were between 90% for DON and 110% for 3-AcDON. At the higher spiking level, the recoveries varied between 69% for NIV and 108% for DON. The lowest recoveries corresponded to NIV at the higher spiking level (500 µg/kg) for all matrices.
Low NIV recoveries from cereals have been previously reported (Langseth and Rundberget, 1998; Berthiller et al., 2005) . As reported by Jestoi et al. (2004) , the recoveries of NIV were increased significantly by rinsing the Mycosep column with eluent, but it remained below 80% at the higher spiking level (data not shown). Weingaertner et al. In comparison with prior analytical method used in our laboratory (Castillo et al., 2008) , a method optimisation has been achieved. The total analysis time was reduced, first in sample preparation and extraction; secondly, the applied GC conditions yielded a successfully simultaneous determination in a shorter time. Moreover, the use of mass spectrometer allowed the unambiguous identification of mycotoxins and its presence in the samples.
Occurrence of trichothecenes in breakfast cereal samples
In this study, 148 breakfast cereal samples were examined for five trichothecenes using a proven reliable method. Toxins contents between the detection and quantification limit were calculated as the average of both limits. DON was the most commonly detected mycotoxin (Table 4) ; it was found above the detection limit in 25.7% of all samples with a median content of 74.4 µg/kg in positive samples. According to cereal-base, the incidence of DON varied between 0%, 18.5%, 30.4% and 30.6% for rice-, wheat-, multigrain-and corn-based samples, respectively. No significant association was detected between the incidence of DON and type of cereal base (P = 0.087). The DON contamination levels fluctuated between 31.5 and 468 µg/kg in positive samples analyzed. The greatest levels of DON were found among the wheat-based samples with quantities (429 and 468 µg/kg) very close to the established limit in Europe (500 µg/kg) (EC, 2006b). Out of the 38 samples that showed presence of DON, nine samples contained below 50.0 µg/kg and other nine samples were above of 100 µg/kg, while the more numerous group (20 samples)
showed contents in the range of 51.0-100 µg/kg. No significant differences were found among the median DON contents for all commodities (P > 0.05). In Figure 2 a total ion chromatogram of a naturally contaminated sample with DON is shown.
Twenty-four DON positive samples were products with chocolate, honey, vanilla or sugar.
The statistical analysis was not significant (P > 0.05) for DON median levels and incidence between this sweetened and no sweetened samples.
Corn, rice and wheat were typically listed as ingredients in multigrain-based samples. Of the 46 multigrain samples, twelve contained also oats; DON was detected in eight of them.
Fisher exact test showed a strong association between DON occurrence and presence/absence of oats (P = 0.0030).
NIV was detected in 2.7% of all samples analyzed, corresponding to three corn-and one wheat-based cereal samples, with a median content of 15.1 µg/kg of positive samples. The detected levels in corn-based samples were below quantification limit. The highest level was 56.7 µg/kg detected in the wheat-made sample. With regard to NIV, incidence (ca. 3%) was lower than that found previously in Spain (4%) (Castillo et al., 2008) but greater than registered on Canadian breakfast cereals (0.6%) (Roscoe et al., 2008) . It is interesting to point out that in an earlier Spanish study all samples were corn-made. Considering only the corn-samples studied herein, the incidence of NIV was slightly superior (4.8%).
Few studies have explored the FUS-X contamination of cereal-based foods. Cavaliere et al. , 1999, 2002, 2005) . This is the first report of detection FUS-X in Spanish foods, which was present in two multigrain cereal samples containing wheat, rice and bran.
Despite the fact that DON and its acetylated derivatives -3-and 15-AcDON -are frequently found together in cereal-based products (Eriksen and Petterson, 2004; González et al., 2008; Edwards, 2009) , none of the samples analysed here contained acetyl derivatives. These acetylated forms of DON co-occur with DON at much lower levels (Pestka, 2010) and when DON is present at a high concentration (Placinta et al., 1999) .
Different revised works have shown that mycotoxin levels vary between different survey areas even at different times in the same area. This may to be attributed to different harvest, origin of cereals and climate conditions (Langseth and Elen, 1997; Müller et al., 1997a Müller et al., ,b, 2001 Scott, 1997) in addition to the related aspects to storage conditions (Viquez et al., 1996) . FUS-X occurs more frequently in the warmer and subtropical climates in corn, oats and wheat (Weidenbörner, 2000) and NIV more often in years with dry and warm conditions (Yazar and Omurtag, 2008) .
Exposure assessment of trichothecenes
The exposure to analysed toxins has been estimated and compared to Tolerable Daily Intake (TDI) proposed by Scientific Committee on Food (SCF) of the European Commission, in order to assess the risk to public health from consumption of breakfast cereals by Spanish people. According to the Spanish Ministry of Agriculture, Fisheries and Food (MAPA), the Spanish population consumes 18.6 g of breakfast cereals per day, which correspond to 3.58 kg/person/year. Table 5 Table 3 Recoveries and relative standard deviations (%) of trichothecenes in spiked samples a Table 4 Incidence and levels of trichothecene toxins in different groups of breakfast cereal samples 
